A number of proteins that accumulate in vacuoles and protein bodies undergo posttranslational processing at these accumulation sites. These processing steps include proteolytic cleavage (e.g. pea lectin, soybean glycinin, and rice lectin) and the removal of some sugar residues from oligosaccharide side-chains (e.g. bean phytohemagglutinin). Treatment of immature rice embryos with the sodium ionophore monensin slows down the proteolytic processing of the rice lectin precursor (M, 23,000) to mature rice lectin (M, 10,000 and 8,000 [w/w] sucrose) at 4°C, (using a ratio of 30:1 for medium:tissue) and the homogenate was centrifuged for I min at 1OO0g to remove nuclei and cell wall debris. Then the radioactivity incorporated into protein (TCA-precipitable material) was determined. The organelles were separated from soluble proteins and small molecules by Sepharose-4B (Pharmacia, Uppsala, Sweden) chromatography on 10 x 1 cm columns (Econo-column, Bio-Rad) in the same buffer. To visualize the peak of the soluble proteins, 500 ,g of Cyt c was 495
cumulation. The accumulation of these proteins in the vacuoles and protein bodies is accompanied by specific postranslational processing steps such as proteolytic cleavage of the polypeptides (pro-proteins to proteins) or trimming of sugar residues from the oligosaccharide side-chains of glycoproteins (for review, see Ref. 4) . Because of our interest in protein processing, we have studied the effect of the sodium ionophore monensin on processing. Work with animal cells has shown that monensin interferes with both exocytosis and endocytosis of proteins. Interference with exocytosis has been shown to be due to inhibition of protein transport from the Golgi cisternae to the transport vesicles. Interference with endocytosis is thought to be related to the alkalinization of the prelysosomal and lysosomal compartments (for review, see Ref. 22) . Such an alkalinization effect has actually been described for the related ionophore nigericin (15) . In this report, we show that monensin slows down the proteolytic processing of lectin in developing rice embryos, and the glycolytic processing ( 15 ,l of glacial acetic acid and the solution was loaded on a column (20 x 1 cm) of Bio-Gel P-4 (minus 400 mesh) (Bio-Rad) equilibrated with 0.1 N acetic acid. Chromatography was performed at room temperature. Fractions (1.0 ml) were collected and 20 Ml counted for radioactivity and the fractions combined and freeze-dried. Digestion with (l-N-acetylglucosaminidase (from Jack Bean, Sigma Chemical Co.) was performed by incubation at 37°C for 48 h in 500 ,l of 50 mM Na-citrate (pH 4.6) with 5 units of enzyme or without enzyme as a control.
Analysis of the Glycopeptides. To determine the size of the glycopeptides (before and after enzyme treatment) they were chromotographed on a Bio-Gel PA column as described above, except that the column was 100 cm long. To determine the proportion of radioactivity in terminal GlcNAc, the enzymetreated mixture was fractionated on a 20 cm column and the glycopeptide peak separated from the free GlcNAc. The radioactivity in each peak was determined and totaled.
SDS-PAGE and Fluorography. SDS-PAGE was performed on 12.5 to 25% polyacrylamide gradient gels using a discontinuous system (10) . Fluorography was done with Amplify (Amersham, UK) as a scintillator. The relative intensity of labeling of bands on gels was determined by cutting the gels and counting the radioactivity, in the polyrp'ptides.
RESULTS

Monensin Slows Down Proteolytic Processing of Rice Lectins.
Rice lectin is present in the endomembrane system of rice embryos as a high mol wt precursor of Mr 23,000. During or shortly after its transport from the ER to its site ofaccumulation, this pro-protein is converted into an Mr 18,000 lectin polypeptide (20, 21) . After this first processing event, this polypeptide is further cleaved into two smaller pieces of Mr 10,000 and 8,000, respectively (20, 21) . To find out how monensin affects these processing steps, we carried out a pulse-chase experiment with [35S]cysteine as described. The homogenates were fractionated into a soluble (i.e. cytosol + vacuolar contents) fraction and an organelle fraction, and lectin isolated by affinity chromatography from the soluble fraction. The lectin polypeptides were fractionated by SDS-PAGE and a fluorograph prepared (Fig. IA) . The results show that at the end of the labeling period of 1.5 h most of the radioactivity was in the Mr 23,000 polypeptide, although some processing to the Mr 18,000 polypeptide had already occuffed in the control sample (Fig. IA, lane a) . At the end of the 8 h chase, radioactivity was present in the precursor (Mr 23,000), the intermediate (Mr 18,000) , and the final products (M, 10,000 and 8,000) in the control (Fig. lA, lane c) , but the final processing step was severely inhibited by monensin (Fig. lA, lane d) The total amount of radioactivity in the soluble fraction was set at 100% for each time-point. The results (Fig. 1, B (25) . The results in Table I show that this percentage declines rapidly as the labeling period is extended. We have shown that this is due to the removal of terminal GlcNAc in the protein bodies (25) . In the presence of monensin, this decline is considerably slowed indicating that the in vivo removal of GlcNAc has been slowed by the ionophore. from control PHA formed a single peak around fraction 39 ( Fig.  2A) representing the mature, totally processed form of the modified (i.e. fucosylated) glycopeptide of PHA. A shorter labeling time (e.g. 6 h) results in the presence of two peaks: one around fraction 34 (the precursor) and one around fraction 39 (the mature glycopeptide) (see Ref. 24 ). When cotyledons were labeled for 20 h in the presence of monensin, the fucose-containing glycopeptides of PHA formed two peaks (Fig. 2B) : a large peak (fraction 34) where the precursor is normally found, and a small peak (fraction 39) in the position of the mature glycopeptide. Such a pattern is similar to the one obtained when control samples are labeled for 2 h only, and relatively little processing has taken place (see Fig. 7 in Ref. 24) . If the large peak in Figure  2B represents unprocessed glycopeptide, then treatment with ,B-N-acetylglucosaminidase should cause in vitro processing. The fractions of the large peaks shown in Figure 2 , A and B, were pooled, and digested with (3-N-acetylglucosaminidase. The products were analyzed by chromatography on Bio-Gel P-4 in the same way (Fig. 2, C and D) . The control glycopeptide was not affected by the enzyme treatment, while the glycopeptide synthesized in the presence of monensin moved to the position of the mature glycopeptide. The treatment with f3-N-acetylglucosaminidase removes peripheral GlcNAc residues (25) (13) . We have recently shown that the transport ofPHA from its site ofsynthesis (the RER) to the protein bodies is mediated by the Golgi complex, and that monensin inhibits the transport step between the cisternae and the dense transport vesicles (3) . Similarly, monensin prevents the incorporation of sugar residues into the hemicellulose fraction of the cell wall, and this is a convenient way to assess the effectiveness of monensin in a plant system (3 (9) are proteolytically processed in the protein bodies. Other proteins such as soybean glycinin (2, 17) undergo similar posttranslational proteolytic processing. These processing steps probably also occur at the sites of accumulation (see Ref. 4 
for review).
Monensin also inhibits the removal of terminal GlcNAc residues from the oligosaccharide side-chains ofPHA. Three residues can be removed in vitro by #-N-acetylglucosaminidase, an enzyme with a pH optimum of 4.6 (1) . We assume that the same enzyme which occurs in protein bodies (8) normally removes these residues in vivo. We postulate that in each case the effect of monensin on processing is due to its effect on vacuolar or protein body pH. Raising the pH of the compartment would slow down the action of enzymes with an acidic pH optimum.
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